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SWtMAUY 


Research  during  Che  report  period  Mcircli  I  to  August  31 «  1981  has 
focused  on  the  following  areas: 

# Continued  SEM/ESCA  analysis  of  lap  shear  samples  received  from 
the  Boeing  Company  under  NASA  Contract  NASl-15605. 

^SEM/ESCA  analysis  of  flatwise  tensile  specimens. 


Surface  charnctcrizac Ion  of  TiO^.  Ti  6-4  and  Ti  powders 
with  particular  emphasis  on  their  interaction  with  primer 
solutions  of  both  polyphcnylqulnoxalinc  and  LaKC-13 


polylmide. 


f- 


Details  of  the  above  areas  will  be  contained  in  the  Final  Technical 
■iJeporT.  A  preprint  of  a  paper  scheduled  to  appear  in  the  next  issue  of  " 
SA>5PE  Quarterly  is  appended.  This  paper  summarizes  sons?  of  the  work  done 


in  the  first  area  listed  above. 
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Thu  A|t|il tCAtlou  of  Surfacu  AnnlyntR  to  I’olymur/Mucal  Adhcaloa 


James  P*  Wlghtmnit 
Choralatry  I)cn.irtm»*nt 

Virginia  jf'olytcchnic  Institute  ant!  State  University 
Blacksburg,  VA  24061 


The  use  of  scanning  electron  microscopy  (Sl^t)  and  5c-ray 
phntocloc tron  iipectroHcopy  (XI’S)  In  tin*  iinalyiils  of  Tl  6  4" '  ' 
adherend  surfaces  Is  described.  Differences  In  T1  6-4 
surface  composition  ns  determined  by  XPS  after  different 
chemical  pretreatments  ni^ detailed.  Analysis  of  fractured 
surfaces  by  SI51/XPS  la  usci^^o  cntahllsh  the  failure  motic. 
The  surface  acidity  of  Tl  6-4xoupons  can  be  established^  by 
reflectance  visible  spectroscopy  using  Indicator  dyes. 


Introduction 

A  long-term,  continuing  NASA  goal  (1)  is  to  develop  Improved  adhesives 
and  composite  matrices  for  high  temperature  supersonic  transport  technology. 
The  extreme  conditions  encountered  in  application  of  this  technology  demand  a 
unique  combination  of  processability,  toughness  and  durability.  One  aspect  of 
this  multi-faceted  program  is  the  development  of  an  autoclaveablc,  hlgh- 
tenperature  adhesive  system  for  Joining  tltanl»u-./ciCanla-n,  tltanlnm/composlCe, 
and  cor.poslte/composlte  intended  to  serve  structurally  for  thousands  of  hours 


at  505  K  (450*F).  One  part  of  the  total  effort  properly  Involves  surface 
analysis.  Our  primary  emphasis  (2)  has  been  on^^je  nlcroscoplc/cpectroscoplc 
characterization  of  Ti  6-4  adherend  surfaces  prior  to  adhesive  bonding  and 
following  fracture^  The  experimental  techniques  used  •MVwtfF'  studios  arc  out- 


llncd^ 
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Adhorond  Surfnce  HorpholoRy/Coinpoitttion 

Scnnnlnp.  oloctron  nf.c.ror.copy  (Sm)  nn«l  *-r;»y  photni?l<'rtroii  Mporrronrrtpy 
(XPS)  couple  to  gl’^c  a  unique  "f InBcrprlnt**  for  each  particular  chcinlcnl  prc-  . 
treatment  oE  Tl  6-A  adherenda.  This  conclusion  Is  based’ bn  the  results  shown 
In  Fifi.  I  and  Table  II.  SWt  la  a  well  known  tecluilquo  (3)  and  Is  widely  used 
in  adhesion  sttidlos  (A),  Ropronontatlvo  SMt  photomlcr.v’raphs  (5)  of  Tl 
after  four  different  pretreaCments  are  shown  In  Fig.  1.  For  the  chromic  acid 
anodized  (CAA)  surface  seen  In  Fig.  lA,  appears  to  be  a  surface  l.nycr 

containing  nlntitc  cracks  or  fissures  of  irregular  shape.  At  the  hlglieat 
magnification  (X  10,000),  the  whole  surface  layer  appears  to  he  spongo-llke 
presamably  due  to  the  presence  of  small  diameter  pores  not  resolved  In  the 
set.  The  surface  feaftes  for  the  phosphoric  acid  anodized  (PAA)  Tl  6-4 
surface  shown  In  Fig.  IB  are  similar  to  those  described  for  the  CAA  case. 

The  surface  morphology  for  the  Tiirco  (TU)  etched  surface  seen  In  Fig.  IC 
Is  In  sharp  contrast  to  that  following  the  anodizing  pretreatments.  The  beta 
phase  appears  to  have  grown  at  th.c  expenoe  of  the  alpha  phase  and  exists  as 
highly  fragmented  structures.  The  alkaline  hydrogen  peroxide  PAK  process 
p-nduces  the  surface  seen  In  Fig.  ID  where  the  surface  features  are  unlike  any 
of  the  preceding  ones.  A  mottled  surface  Is  obtained  containing  no  distinct 
features. 

/  A 

The  XPS  tucbnlqiic  t6)  involves  the  measurement  of  the  energy  and  Inten¬ 
sity  of  piiotoclectruns  ejected  from  a  solid  sample  under  x-ray  bombardment. 

The  Identification  of  elements  and  tiie  assignment  of  the  chemical  state  of 
those  elements  In  tne  top  5  nn  of  a  solid  surface  is  possible  with  XPS, 
Representative  XPS  results  for  Tl  6-4  adherends  (5)  are  shown  In  Table  II  for 
the  sane  four  pretreatments  noted  In  Fig.  1.  The  binding  energies  (B.F.)  In 
cV  for  each  observed  photopcak  arc  tabulated  along  with  calculated  values 


the  Atomic  fractloiiA  (A*K»).  The  I-*  In  pluttopcAk  AAMlp.nctl  to  tin*  I  l«iorlili* 
loo,  AppoATA  on  hotk  nnoilircil  AurfACCH  hue  not  oa  the  Ttl  or  RAK  trioitoil 
surfAco.  Two  P  1r  photopooScH  ore  aotcif  un  the  CAA  MiirfaccH  MuRp.crtttnp.  that  F 
1«  present  In  two  tilfforunt  hoivtUnp,  statcH  on  that  nut  face.  The  Ola 
photopoak  arlHlnp,  from  the  flurfaco  oxl.lo  layer  In  ennatant  at  '»29.h  >  0,2  eV 
aeroaa  -ill  four-  HorfaeoB,  Stml  Ihrly the  Tl  ?pA  i-ttotnpeak ,  iint4lp,i*e<l  l<»  tlo’ 
totravalent  state  of  titantoffl  an<l  present  a«  tltanlicn  illoxlilc  (TiO^),  1^ 
constant  at  A^8.0  +0.1  cV,  The  asslp.nnont  of  the  N  Is  ptiotopcak  at  a 
constant  value  of  399, A  +0,1  cV  is  uncertain  tluuip.h  It  cou1>t  be  »lue  to 

nitride  formation  with  Cttanlaii.  Calcium  and  phosphorus  are  detected  as 

resldtials  after  the  RAP.  and  t'AA  processes,  reap. 

The  effect  of  thermal  afilnp.  ‘»n  the  caorpholop.y  of  a  freshly  pretreated  Tl 
6-A  surface  Is  Illustrated  dramatically  In  the  SHt  photomicrographs  In  FIr, 

2,  Hero,  a  T'J  pretroated  Tl  h-A  coupon  was  pl.tceJ  In  a  forced  air  oven  at 
A93  K  (A50*P)  for  10  hours,  Tl»e  f?Ml  photoralcroijr.iphs  of  the  unhented  snnplo 

are  she-'n  In  Pig.  2A,  A  cof!.p.ir Ison  of  Pig.  2B  with  Fig,  2a  denonstrates  the 

marked  change  In  surface  morpiiology  accompany Ing  thermal  aging.  The 
trapllcatlon  of  this  gross  change  of  physical  structure  In  hortd  durability 
studies  at  clev.itod  Cen:pcraCures  Is  clear. 

Failure  r.ode  annlystr. 

/  SKl/XPS  analysis  of  fractured  surfaces  can  he  used  to  establish  the 
f.illuru  no»le»  The  SIM  photomlcrogr.iphs  in  Pig,  3  suggest  a  s!»lfc  fr«>m  a  mixed 
( interfile lal /cohesive)  f.allure  node  seen  in  Pig,  3H  to  pure  colics wo  f.tllure 
seen  In  Pig,  3\  on  a.idltton  ol  a  nl.loxane  el.istoncr  to  a  LtUC-13  poWlmlde 
adhealve.  The  synthesis  of  l.nR(>l3  polylmide  .idhenlvi's  has  hcen  doi.-rlhed 
(7,8).  The  Xl’S  results  In  Tnhlc  III  conplomcnt  the  above  Sill  results  in  that 
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itlvoM  a  algnlf leant  Tl  phot«tpcak.  The  fact  ttuit  thin  photnpoak  in  obKorvvtS 
niiRKcntn  approclablo  InCerfaetal  failure.  Thin  In  a  ntp.nlf leant  conclunlon 
nlnce  unlng  Xt'S,  the  old  nrKument  of  cohunlve  vorsun  adhcnlvu  failure  can  now 
be  documented  down  to  the  2  nm  level*  Ko  Tl  photopeak.  Is  observed  for  either 
member  of  the  fractured  lap  shear  npeclmca  hooded  with  the  elastomer 
Indicative  of  cohesive  failure*  Supporting,  evidence  for  the  failure  moile 
assignments  Is  obtained  from  other  XPS  photopcaks.  For  example,  when  LaKC-’l3 
adhesive  reailns  on  the  Tl  6-4  adherond,  the  binding  energy  of  tiie  0  In 
photopenk  sh  .fts  by  1.5  cV  frort  530.1  to  531.6  eV.  The  lower  binding  energy 
photopeak  Is  characteristic  of  oxygen  In  the  titanium  dioxide  surface  layer 
(see  Table  II).  Note  tl«at  the  smaller  SI  2p  and  F  Is  photopeaks  observed  for 
the  *no  elastomer*  case  are  due  to  scrim  cloth  and  pretreatment  residuals, 
resp.  On  the  other  hand,  the  larger  SI  2p  and  F  Is  photopeaks  observed  for 
the  ’elastoner*  case  are  due  to  the  f luoroslloxane  additive. 

Similar  XPS  results  are  shown  In  Table  IV  for  the  an.il/sls  of  a  fractured 
T-peol  specimen  of  Tl  n-4  bondoit  In  this  case  with  an  epoxy,  The  »inbonded 
(#1)  adherend  and  one  of  the  fracture  members  (^3)  give  very  similar  results. 
This  suggests  fracture  vlcbln  the  surface  oxide  layer  rather  Hum  at  the 
oxidc/epoxy  Interface*  In  the  latter  Instance,  XFS  results  cluiracter Istlc  of 
the  epoxy  would  lutvc  been  obaerved  wtileh  was  r.ot  the  case.  Further,  the 

^  A 

unbonded  (*1)  adherend  and  the  same  fracture  member  (^3)  sliow  only  a 
tetravaiont  titanium  lTl(lV)J  photopeak  again  characteristic  of  .*  titanium 
dioxide  nurf.ice  layer.  It  is  instructive  Indeed  that  the  other  fracture 
member  (F2)  gives  an  elemental  Tl(0)  photopeak  .at  a  binding  tnergy  3.5  eV 
lower  tlian  Tl  (IV),  The  Tl(0)  photopcak  would  only  be  observed  if  f  illire 
occurred  not  Just  within  the  oxide  l.aycr  but  also  close  to  the  base  adlicrcnd. 
This  conclunlon  is  sunmarlred  sclicnatlcslly  In  the  idealt^a’d  diagram 


111  Klft.  A, 

SVM  photomlcroj'.niplirt  of  a  fractured  lap  slicar  aamplc  bomlcd  with 
polyiihonylqul noxallne  (I’l'Q)  are  nhowa  la  Kl>*.  5,  Ttie  KynihcMla  of  I’l’l}  liaa 
’occa  deitcrLbed  elsewhere  (9,10),  The  PI’Q  boadeil  CAA  Tl  ailherenii;;  pavo  a 
measured  lap  shear  Mtrenpth  at  room  temperature  of  4f»50  psl.  It  la  clear 
that  no  features  characteristic  of  the  Tl  6-A  atiheread  are  seen  la  the 
photomicrographs;  thus,  the  sampl**  failed  cohesively.  The  XPS  results  for  the 
fractloa  surface  are  shown  la  Table  V,  No  Tl  photopeak  was  observed, 
coaflrmlng  cohesive  failure.  The  0  Is,  N  Is  and  C  Is  photopeaks  are 
characteristic  of  I’l’Q,  Note  the  shift  la  the  blading  energy  of  the  0  Is 
photopeak  compared  to  the  adherond  (see  Table  II),  The  SI  2p  photopcak  Is  duo 
to  the  glass  scrim  cloth  which  Is  seen  la  the  SGt  photomicrographs. 

By  contrast,  a  lap  shear  strength  of  1930  pst  was  determined  In  the  case 
of  phosphatC"fluor l*Jo  (I’-l')  treated  Tl  6—'i  adhoreuds  houde*l  with  IM’Q, 

Apparent  Interfaolal  feature  Is  noted  from  the  SIM  photomicrographs  of  the 
fracture  surfaces  InKlg,  t>A  and  Ml,  The  metal  failure  surface  (MKS)  In 
Fig.  6A  shows  a  surface  morphology  characteristic  of  P-F  etched  Tl  h~4 
surfaces.  The  adhesive  failure  surface  (Al'S)  In  Fig.  hll  shows  the  "Imprint" 
of  the  adliercnd.  Closer  Inspection  shows  micro-voids  In  t)ie  adhesive  left 
after  pull-out  of  the  P  phase. 

The  P-r  surface  pretreatneut  Invariably  led  to  debonding  of  the  adhesive 
slab  when  punched  for  XPS  sample  preparation.  The  various  fracture  surfaces 
are  depleted  schematically  In  Fig.  7.  The  SGI  photomicrograph  of  the  notal 
substrate  surface  (MSS)  and  the  adhesive  substrate  surface  (ASS)  are  shown  in 
Figs.  6C  and  6D.  Similar  features  arc  noted  In  those  photomicrographs  ns 
were  seen  In  Figs,  6A  and  6B. 


Tli«  XI*S  ruHiilCH  for  tlio  f«or  !turCiUu*>r  ore  rthown  in  Tnblo  VI.  Th«*  >IKS 
(Klg.  6A)  shuwH  a  dti^atf IcnnC  Tl  which  fact  Is  Ciirtlier  confirmation  of 

tliL*  assignment  of  Intcrfaclnl  fnilurc  for  this  sample.  The  photopeak  at  a 
binding  energy  of  529.5  cV  la  assigned  to  oxygen  In  the  surface  oxide  layer. 

We  have  reported  (ll)  a  value  of  529.5  eV  for  the  0  In  pitotopeak  following  P-K  ■ 
treatment  of  Tl  b-A,  Thus,  the  KSciA  results  support  the  existence  of  a 
titanium  oxide  layer  on  the  metal  failure  surface.  Ca  Is  present  as  a 
residual  on  the  Tl  6-4  adhorend  surface  after  the  P“K  treatment.  The  N  Is 
photopeak  at  398.3  oV  Is  consistent  with  the  N  Is  photopcak  observed  for  the 
Tl  6-4  adherend  surface  after  any  chemical  pretrnatment  (see  Table  II), 
However,  the  origin  of  the  nitrogen  Is  not  clear  since  a  N  Is  photopcak  at 
about  the  same  binding  energy  is  observed  for  both  pretreated  Ti  6-4  and  for 
PPQ  (sec  Table  V).  The  observation  of  a  significant  Si  2s  photopeak  Is  quite 
Interesting.  Again,  the  origin  of  this  Si  signal  is  not  clear.  However,  the 
fact  that  failure  occurred  at  this  Interface  may  be  associated  with  tl>e 
presence  of  silicon.  The  Sill  photomicrographs  (see  Fig.  6A)  shows  no  evldc-nce 
of  glass  fragment  from  the  scrim  cloth.  It  Is  known  that  the  scrim  cloth  is 
coated  with  an  organo-slllcon  compound.  Docs  in  fact  degradation  and 
subsequent  migration  of  silicon-containing  compoup  Is  to  the  interface  occur? 
The  answer  to  this  question  will  Involve  additional  experiments. 

*  The  AFS  gives  an  d  Is  photopcak  at  531.7  eV  (see  Table  VI)  characteristic 
of  PPQ  (sec  Table  V).  Again,  a  significant  SI  signal  Is  observed  on  this 
surface  where  no  glass  fibers  arc  seen  (sec  Fig.  6C).  The  absence  of  a  Tl 
photopcak  is  additional  confirmation  of  Interfaclal  failure.  A  further 
concl'ifilon  can  be  drawn.  Failure  occurred  at  the  primer/oxide  Interface 
rather  than  In  the  oxide  layer  In  which  case  a  Tl  signal  should  have  boon 


observed 
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TUc  M.SS  (Klg»  6C)  lihowB  iitt  0  In  pluXopcnk  at  529,2  eV  chiir/u*t<>r 
the  prctreatcil  Ti  6-4.  In  elite  enne  «i  (unall  V  peak.  aii<l  a  rttp.nlflcnat  Tt  p?ak 
were  (leccctetl.  The  presence  of  Ca  is  consistent  with  Che  composition  of  a  P-l* 
treated  Tl  6-4  surface.  The  presence  of  a  trace  quantity  of  lead  on  this 
surface  and  on  the  adhcslvo  substrate  is  not  explained.  The  ASS  (Klf,.  6D) 
shows  an  0  Is  photopcak  at  532.2  cV  characteristic  nf  PI’Q.  A  small' Tl  peak 
was  detected  here  Indicative  of  fracture  of  the  oxide  layer.  No  silicon  was 
noted  on  cither  of  these  substrate  surf.-ices. 

Reflectance  spectroscopy  both  In  the  Infrared  (12)  and  visible  regions 
has  been  usod  in  the  analysis  of  fractured  samples  and  In  the  determination  of 
adherend  surface  acidity.  No  sample  preparation  Is  neceasary  in  the  specular 
reflectance  Infrared  (tr)  analysis  of  fractured  samples;  the  sample  Is  simply 
Inserted  Into  Che  reflectance  sample  holder.  A  typical  Ir  reflectance 
spectrum  (13)  of  a  fractured  thermoplvistlc  polylmlde  (14)  bonded  Tl  6-4  lap 
shear  sample  Is  shown  In  Fig.  8.  The  reflectance  spectrur.  Is  similar  to  the 
more  common  transmission  spectrum.  Indeed,  the  observed  peaks  correspond  to 
vibrations  characteristic  of  the  polylmide.  Thus,  a  relatively  thick 
polylmldc  film  remains  on  the  Tl  6-4  coupon  following  fracture. 

Adherend  Surface  Acidity 

Diffuse  reflectance  visible  spectroscopy  (11)  ban  been  used  to  monitor 

/  A 

changes  in  the  absorption  spectra  of  acid-base '  Indicators  deposited  from 
aqueous  solution  on  Tl  6-4  adherends  after  various  prctre.itiieiits.  The  results 
of  the  surface  acidity  ueAsurements  are  listed  In  Table  VII.  Note  that 
bromthyiabl  blue  does  not  change  color  on  a  TU  treated  Tl  6-4  surface  but  does 
change  color  given  a  F-F  prutreaCmcnt.  Thus,  the  TU  and  P-F  treated  Tl  6-4 
surfaces  arc  basic  (pK^i  :  7.3-9. 2)  and  acidic  (pK^  :  4.9-7. 3),  reap. 

Further,  as  Inferred  from  the  ruHults  In  Table  VUl,  tiie  phosphate- fluoride 
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Lrcatu4l  TL  6-4  murfnc*  dect.'iiHon  la  acidity  with  Line.  A  new  lurak  apiieara  .il 
630  nm  In  the  roflectns.ee  spoctnun  after  10  hoiirH  exposure  to  tlx?  laboratory 

uuvlruiiiT'cM'.c.  Tbia  conolnslon  la  a  aurCace  chenlatry  basis  fur  the  pr.ictlcu  of 

9 

priming  freahly  protreatod  aditereiui  aorfacea  for  "’protection"  prior  to 
bonding. 

Summary 

Basic  questions  In  adhesion  science  for  example,  failure  mode,  surface 
acidity  and.  bond  dorablllty  can  be  approached  wltli  Increasing  confidence  given 
the  availability  of  surface  analytical  techniques  Including  rhosc  listed  In 
Table  1. 
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TABLK  I 


kxi'Kiumkhiai.  TKc:nNif}nKS  in  siiiji-auk  analysis 


CIIARACTSKI/.ATION  OK  AISIKUKNI!  SUUKACKS 

Surface  Morphology  “  Scanning  Eleccron  Microscopy  {S^Ml 
Surface  Conposltlon  -  X-ray  Photoclectron  Spcccroscopy  IXPSj 
Surface  Acidity  -  Diffuse  Reflectance  Visible  Spectroscopy 


CJIARACTEKXZATION  OF  FRACTURE  SURFACES 

Surfiiec  Morphology  -  Scanning  Electron  Microscopy 
Surface  Composition  -  X-ray  Pbotoclcctron  Spoct  >copy 

-  Specular  Reflectance  Infrared  Spectroscopy 


TABLE  H 

XPS  AMf^LYSIS  OF  T1  6-A  SURFACES  AFTER  CUOllCAL  PRETREATMENT 


PhoCopeak 

Chromic  acid 

anodize 

Phosphoric  acid  anodize 

Turco 

RAE 

B.E.(cV) 

A.F. 

B.E.(eV) 

A.F. 

B.E.  (eV) 

A.F. 

B.E.(eV) 

A.F 

F  Is 

687.6 

— 

— 

684.4 

0.03 

684.4 

0.02 

— 

— 

0  Is 

529.4 

0.19 

529.6 

0.24 

530.0 

0.30 

529.4 

0.4 

T1  2p3 

457.8 

0.08 

458.2 

0.10 

458.0 

0.09 

458.0 

0.1 

1  Is 

399.2 

0.03 

399.4 

O.OI 

399.5 

0.01 

399.4 

0.0 

Cs  2p3 

— 

— 

346.4 

0.0 

:  Is 

(284.0) 

0,67 

(284.0) 

0.60 

(284.0) 

0.60 

(284.0) 

0.2 

’*  2p3 

— 

133.0 

0,02 

— 

— 

A1  2s 

— 

-- 

118.2 

0.0 

/ 

•  ■ 
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TABLE  III 


XHS  ANALYSIS  OE  KKACTURilJl  T-1 

’i:i:l  ti  6-4 

s-vipij-;s 

LaRC  with 

no  elsfitomor 

LaRC- 

-13  with 

elastomer 

i*  stopcak 

A 

B.E.(e^ 

side 

A.F. 

R  side 

B.E.(cV)  A.F. 

A  side 

B.E.CeVr  ^A.F. 

H  side 

B.E.(eV)  A.F. 

P  Is 

686.9 

0.01 

686.9 

<0.01 

686.8 

O.CS 

686.7 

0.07 

o  Is 

S31.4 

O.IO- 

530.1- 

0.19 

531.8 

0.17 

531.6 

0.17 

Ti  2p3 

— 

457.3 

0.04 

— 

t 

7^  Is 
• 

399.0 

0.03 

399.1 

0.03 

398.8 

0.01 

398.2 

<0.01 

i 

«l  2p 

(284.0) 

0.85 

(284.0) 

0.69 

(284.0) 

0.58 

(284.0) 

0.58 

!01.4 

O.Ol 

100.9 

0.05 

101.8 

0.17 

101.7 

0.17 

r 

! 

i 


TAIllJ;  IV 


AT(MIO  FRACTIONS  OF  ANODIZED  Tl  6-A  SAMPLES  lUYOKE  (#1)  AND  AFTER 


FRACTURE  (#2»  #3) 

I’hotopcnk 

Atomic  Knictlon 

#1 

n 

F  la 

0.012 

0.004 

0.024 

0  la 

0.13 

0.-24 

0.17 

V  2p3 

O.OCl 

0.001 

NSP 

Tl(lV)  2p3 

0.069 

0.078‘ 

0.071 

T1(0)  2p3 

NSP* 

O.OOA 

NSP 

S  Is 

0.000 

0.007 

0.009 

C  In 

0.77 

0.60 

0.71 

Cl  2p 

o.noA 

0.003 

NSI’ 

Al  2a 

0.01 

0.013 

0.014 

*SSP  -  no  elgtflf leant  peak 


TAttLK  V 


XFS  ANALYSIS  OF  FRACTURED  PFQ/CAA  Tl  6-4  L\P  SHEAR  SAMPLE 


Photopcnk 

B.F..  (eV> 

A.F. 

0  1« 

534,0 

0,15 

Tl  2p3 

— 

N  Is 

399. 1 

0.04 

C  Is 

283.5 

(234.0) 

0.65 

SI  2p 

102.6 

0.16 

TAHI>:  VI 


i: 

U 

i: 

!  XPS  ANALYSIS  OF  FRACTURE  SURFACKS  OF  ADHKSIVELY  BONDED  T1  6-4 


:^hotopcak 


MFS 

APS 

MSS* 

ASS* 

B.K.(cV) 

A.K.a 

K.K.(cV“)  A,y,t 

R.K.(cV) 

A.K./ 

U.K.(cV) 

A.K. 

0  la 

531.3 

0.27 

531.7  0.13 

— 

532.2 

0.07 

529.5 

529.2 

0.27 

V  2p3 

514.1 

<0,01 

T1  2p3 

457.9 

0.04 

— 

457.9 

0.07 

458.6 

<0.01 

N  la 

398.3 

0.02 

398.3  0.05 

398.4 

0.02 

398.0 

0.06 

‘  Ca  2p3 

346.5 

O.Ol 

— 

346.5 

0.01 

— 

1  SI  2s 

152.5 

0.05 

152.6  0.03 

— 

I  Trace  Pb  noted  In  botJi  of  these  sanples. 
'Balance  Is  duo  to  carbon. 
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max  VALUK 


INDICATOIIS  UN  I 


ndicator 


pKa  at  zero 
Ionic  strength 


Color  change 
before  drylnf 


"onzoneazo-  1,5  Y*Y 

Iphenyl- 
usiLnc 


ronphcnol  •  4.1  B*B 

lue 

roracresol  4,9  ’•  G*B-G 

reen 

BT. 

H*Y 

B  •  Blue  C  ■  Creen  Y  *  Yellow 
'  - 
.  -C  ■  Eluc-Creen  Y-B  »  Yellow  Blue 


TABLE  VI I 


63S 

B»B 

636 

B 

B 

644 

G*E-C 

610 

B-C 

B~G 

604 

B*Y-B 

464 

B 

Y 

476 

B-Y 

47» 

Y 

Y 

OKl(iIN/VL  PAUr.  IS 
OF  Pv)OR  qU AUITY 


TAftLE  Vm 


TWK  tt’KECT  OH  TIIK  ACIDITY  OK  PIIOSPUATK-KLHORIDK  ETCMKD  Tl  6-4 
SURKACKS  USING  8R(MTU\JIOL  BLUE 


Tlnw  (hourp) 


1 


*> 


5 

IQ 

25 

30 


Color  chiini^OH 
before  dryine 

Color  clunK.i:B  nnd 
^n.ix  valutf». 

After  drylnR 

B  ♦  B-y' 

444  (Y) 

B  •*  B-Y 

440  (Y) 

D  »  B-Y 

448  (Y) 

B  *  B-Y 

400(V);  630(3) 

U  ♦  B-Y 

456(Y);  652(B) 

B  ♦  B-Y 

424(y);  648(B) 

B  ♦  B-Y 

444(Y);  632(B) 

100 


OF  POOR  qUAIJTy 
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36 


1 1  6-4 


L _ 

•MIAL  FAILURC  SURFACE 

Aour.5ivL  failure  surface 

AUtlSiVL  SUUSIKiML  SUKIAll 
•ntlAL  SUUSIRAIE  SURFACE 
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_ £Z 

AailLSlVL  ^ 


